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(54) Cellular CDMA data link utilizing multiplexed channels for data rate increase 



(57) A method and apparatus for varying the data 
transmission rate of a code division multiple access 
(CDMA) telecommunications system. The method and 
apparatus may be implemented into an existing system 
operating according to a standard designed for a base 
data transmission while utilizing the Walsh modulator 
length, the data transmission frame structure, the chan- 
nel encoding scheme, or the I/O modulation level of the 
existing system. Serial data is input to a transmitter/ 
modulator at a data rate which is higher than the base 
data transmission rate. The serial data is received over 
a time period having a duration equal to the duration of 
the transmission frame and demultiplexed into a plural- 
ity of sets of input data. Each of the plurality of sets of 



input data is then processed in one of a plurality of 
subchannels using the system channel encoding and in- 
terleaving scheme to generate a plurality of sets of proc- 
essed data. A output serial data stream is then gener- 
ated by multiplexing the plurality of sets of processed 
data from the subchannels together. The serial output 
stream is generated so that the originally received serial 
data included in the serial output data stream, is gener- 
ated at the first data rate. The serial output data stream 
is spread to generate at least one spread data stream 
and is then transmitted on the channel during a second 
time period having a duration equal to the duration of 
the transmission frame, so that the serial data included 
in the at least one spread data stream is transmitted at 
the first data rate. 
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Description 

This invention relates to spread spectrum commu- 
nicpttinnc cwctomc anrt mnrfl narticularlv, to an appara- 
tus and method for providing a variable rate data uplink, 
utilizing multiplexed channels for data rate increase, in 
a code division multiple access (CDMA) cellular tele- 
communications system. 

Advances in the field of telecommunications have 
resulted in a variety of types of telecommunications sys- 
tems being available for use by the general public. 
Among these telecommunications systems, cellular tel- 
ephone systems are presently one of the most rapidly 
developing in terms of technologies and services of- 
fered. Cellular systems are currently in widespread use 
worldwide, with continued growth in sales and subscrib- 
ers predicted for the future. 

Several types of technologies have become domi- 
nant in the cellular industry. In the United States most 
cellular systems currently operating use analog signal 
transmission techniques, as specified by the Telecom- 
munications Industry Association/Electronic Industry 
Association (Tl A/El A) AMPS standard, or a combination 
of analog and time division multiple access (TDMA) sig- 
nal transmission techniques, as specified by the TIA/EI A 
IS-54 and IS-1 36 standards. In Europe, cellular systems 
may operate according to one of several analog system 
standards, depending on the country, or according to the 
digital Global Services for Mobile (GSM) TDMA stand- 
ard that has been specified for Europe. In other parts of 
the world most cellular systems operate according to 
one of the standards used in the United States or Eu- 
rope, except for in Japan where the TDMA personal dig- 
ital communication (PDC) standard has been developed 
and is in use. However, in spite of the present domi- 
nance of analog and TDMA technologies, the cellular 
industry is dynamic and new technologies are constant- 
ly being developed as alternatives to these currently 
dominant technologies. One alternative digital signal 
transmission technique that has recently been the focus 
of interest for cellular systems is known as code division 
multiple access (CDMA). In a CDMA system multiple us- 
ers, each using a channel identified by a uniquely as- 
signed digital code ; communicate with the system while 
sharing the same wideband frequency spectrum. 

CDMA provides several advantages over conven- 
tional analog or TDMA systems. Frequency spectrum 
allocation planning for mobile stations and the base sta- 
tions of cells within a CDMA system is not necessary, 
as in analog and TDMA systems, because all CDMA 
base stations share the entire downlink frequency spec- 
trum, and all mobiles share the entire uplink frequency 
spectrum. The fact that the wideband frequency spec- 
trum is shared by all uplink or downlink users in CDMA 
also increases capacity since the number of users that 
can be multiplexed simultaneously is limited by the 
number of digital codes available to identify the unique 
communications channels of the system, not by the 



2 

number of radio frequency channels available. Addition- 
ally, since the energy of the transmitted signals are 
spread over the wide band uplink or downlink frequency 
band, selective frequency fading does not affect the 

s whole CDMA signal. Path diversity is also provided in a 
CDMA system. If multiple propagation paths exist, they 
can be separated as long as the differences in paths 
delays does not exceed 1/BW, where BW equals the 
bandwidth of the transmission link. An example of a 

10 widely accepted cellular system CDMA standard is the 
TIA/EIA IS-95-A system standard. 

Because data transmission applications other than 
conventional voice traffic transmission are becoming in- 
creasingly important in the cellular system area, a sys- 

is tern operator who operates a CDMA system may desire 
to provide services other than phone voice service. Ex- 
amples of these other services include portable compu- 
ter cellular modem service or video service. Often, these 
other services may require that data be transmitted at a 

20 rate much faster than that required for voice transmis- 
sion. 

In the case where it is desired to provide a range of 
different services in a CDMA cellular system, a method 
and apparatus for varying the data transmission rate in 

25 the system, where the data rate could vary within a 
range required for all system services, would be useful. 
It would be desirable that this apparatus provide both 
slower speed data transmission for efficient and reliable 
speech service and high speed data transmission for 

30 other applications. For example, the 1S-95-A system is 
limited to a maximum data rate of 9600 bits per second 
(9.6 kbps) and it may be desirable to provide services 
in the IS-95-A system that require data transmission at 
rates greater than 9.6 kbps. Additionally, because of the 

35 large costs involved in developing new systems, it would 
also be desirable if this apparatus could be operated 
within an existing system on a nontnterfering basis with 
slower speed transmitters and receivers, and could be 
implemented with minimum modifications to the air in- 

40 terface of the existing system. 

The present invention provides a method and ap- 
paratus for varying the data transmission rate in a code 
division multiple access(CDMA) telecommunications 
system. The method and apparatus provides an advan- 

45 tage in that it may be implemented in an existing system 
to increase the data transmission rate with minimum 
modification to the air interface of the existing system. 
The method and apparatus may be implemented into 
the existing system designed for slower speed data 

50 transmission while utilizing the Walsh modulator length, 
the data transmission frame, the channel encoding 
scheme, or the I/O modulation level of the existing sys- 
tem. New devices operating according to the principles 
of the invention may be introduced into the existing sys- 

55 tern and operate at increased data rates using the same 
Walsh modulator length, the same channel coding 
scheme, and the same l/Q modulation level as existing 
devices. 



■JSDOCID: <EP_0628381A2J_> 



3 



EP 0 828 361 A2 



4 



In an embodiment of the invention, the method and 
apparatus is implemented in a system operating accord- 
ing to a standard having a base data transmission rate, 
a set transmission frame duration on a channel, and a 
predetermined Walsh modulator length, channel encod- s 
ing and interleaving scheme and l/Q modulation level. 
Serial data is input to a transmitter/modulator at a data 
rate which is higher than the base data transmission 
rate. The serial data is received over at least one time 
period having a duration equal to the duration of the io 
transmission frame and demultiplexed into a plurality of 
sets of input data. The number of sets of input data into 
which the serial data is demultiplexed may be deter- 
mined based on a predetermined algorithm. The prede- 
termined algorithm may be configured so that the data is 
in each of the plurality of sets of output data is generated 
at the base data rate over the first time period. 

Each of the plurality of sets of input data is then 
processed in one of a plurality of subchannels using the 
system channel encoding and interleaving scheme to 20 
generate a plurality of sets of processed data. The 
processing is done substantially simultaneously as the 
sets of input data are received at each subchannel. A 
output serial data stream is then generated by multiplex- 
ing the plurality of sets of processed data from the 25 
subchannels together. 

The serial output stream is generated so that the 
originally received serial data included in the serial out- 
put data stream is generated at the first data rate. The 
serial output data stream is then spread to generate at 30 
least one spread data stream and transmitted on the 
channel during a second time period having a duration 
equal to the duration of the transmission frame, so that 
the serial data included in the at least one spread data 
stream is transmitted at the first data rate. The at least 35 
one serial output data stream may be generated by mul- 
tiplexing the processed data into a plurality of adjacent 
data groups, with each of the data groups divided into 
a plurality of data portions, and a select data portion of 
each of the data groups containing data from one of the -io 
plurality of sets of processed data, so that when the data 
is spread and transmitted on the channel each group 
period of the frame includes data from each of the sets 
of processed data. 

In another embodiment of the invention the l/Q -*s 
modulation level may be increased to realize greater in- 
creases in the data transmission rate. In this embodi- 
ment, two output serial data streams are generated 
when multiplexing together the plurality of sets of proc- 
essed data from the subchannels. The serial data is in- so 
eluded in these two output serial data streams. These 
two output serial data streams are then spread to gen- 
erate two separate spread data streams, and one 
spread data stream is transmitted on a quadrature (Q) 
component of the channel and the other spread data ss 
stream is transmitted on an in-phase (I) component of 
the channel. 

A more complete understanding of the method and 



apparatus of the present invention may be had by ref- 
erence to the following detailed description when read 
in conjunction with the accompanying drawings where- 
in: 

Figures 1 A and 1B are schematic block diagrams 
showing portions of a transmitter modulator, and re- 
ceiver demodulator, respectively, utilizing multi- 
plexed subchannels according to an embodiment 
of the present invention; 

Figure 1 C is a block diagram that illustrates in great- 
er detail the CC/INT block of Figure 1 A; 

Figures 2A-2B are timing diagrams of transmitter 
modulator operation according to the embodiment 
of the invention shown in Figure 1 ; 

Figure 3 is a schematic block diagram showing por- 
tions of a transmitter modulator utilizing multiplexed 
subchannels according to another embodiment of 
the invention; 

Figures 4A-4B are timing diagrams of transmitter 
modulator operation according to the embodiment 
of the invention shown in Figure 3; 

Figure 5 is a schematic block diagram showing por- 
tions of an uplink transmitter according to an alter- 
native of the embodiment of Figure 3: 

Figure 6 is a timing diagram showing transmitter 
modulator operation according to the embodiment 
of the invention shown in Figure 5: 

Figures 7 A and 7B are schematic block diagrams 
showing portions of a transmitter modulator, and re- 
ceiver demodulator, respectively, utilizing multi- 
plexed l/Q channels according to a further embod- 
iment of the invention: 

Figure 8 is a schematic block diagram showing por- 
tions of a transmitter modulator utilizing combined 
multiplexed subchannel and multiplexed l/Q chan- 
nel data modulation, according to an embodiment 
that combines the transmitter modulators of Figures 
1 and 7A: 

Figures 9A-9B are timing diagrams of transmitter 
modulator operation according to the embodiment 
of the invention shown in Figure 8: 

Figure 10 is a schematic block diagram showing 
portions of a transmitter modulator utilizing com- 
bined multiplexed subchannel and multiplexed l/Q 
channel data modulation according to an embodi- 
ment that combines the transmitter modulators of 
Figures 3 and 7A: and. 
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Figures 1 1 A-1 1 B are timing diagrams of transmitter 
modulator operation according to the embodiment 
of the invention shown in Figure 10. 

Referring now to Figure 1A, therein is shown a 
schematic block diagram showing portions of a trans- 
mitter modulator 100 utilizing multiplexed subchannels 
according to an embodiment of the present invention. 
Transmitter modulator 100 includes a circuit referred to 
for convenience as a demultiplexer (DEMUX) 102, par- 
allel convoiutional coder/interleavers (CC/INT) 104, 
106 108 : and 110. parallel Walsh modulators (Walsh 
mod) 1 1 2, 1 1 4, 1 1 6 : and 1 1 8, data burst randomizer 1 20. 
MUX 122. transmission rate controller 124. long code 
generator 126 ; long code spreader 132, Q PN spreader 
1 28. 1 PN spreader 1 30 and RF circuitry 1 38. Figure 1 C 
illustrates one suitable, but not limiting, embodiment of 
the CC/INT blocks 104-110, as known from, by example, 
IS-95. Transmitter modulator 1 00 receives input data on 
input 132 and generates output data to the RF circuitry 
1 38 at outputs 1 34 and 1 36. An RF signal is then trans- 
mitted from the RF circuitry 1 38. 

In the embodiment shown in Figure 1 A, transmitter 
modulator 100 utilizes a maximum of four possible par- 
allel subchannels (or 'pipes') for carrying data, with each 
subchannel capable of carrying data between DEMUX 
102 and MUX 122. for data transmission rate variation. 
The number of subchannels in use at any time depends 
on the data transmission rate requirements on transmit- 
ter modulator 100. The first subchannel is formed by the 
data transmission path through CC/INT 1 04, Walsh mod 
112 : and data burst randomizer 120, the second 
subchannel is formed by the data transmission path 
through CC/INT 106 and Walsh mod 114. the third 
subchannel is formed by the data transmission path 
through CC/INT 108 and Walsh mod 116. and the fourth 
subchannel is formed by the data transmission path 
through CC/INT 110 and Walsh mod 118. Although four 
parallel subchannels are shown as the maximum pos- 
sible, more or less than a maximum of four subchannels 
may be provided in alternatives of the embodiment. Use 
of the parallel subchannels allows transmitter modulator 
100 to be utilized in CDMA systems that provide data 
services with varying data transmission rate require- 
ments. Different data transmission rate requirements 
can be met by using appropriate signal splitting and 
combining in DEMUX 1 02 and MUX 1 22 in combination 
with the addition or removal of subchannels, and by var- 
ying the parameters of the individual subchannels. 

In the operation of transmitter modulator 1 00, digital 
data 132 is received at the input of DEMUX 102 and is 
modulated into data frames and input to RF circuitry 1 38 
from output 1 34 of Q pilot spreader and output 1 36 of I 
pilot spreader The modulation rates for each data frame 
are controlled by operating DEMUX 102 and MUX 122 
at a rate determined by transmission rate controller 1 24. 
Transmission rate controller 1 24 receives data rate in- 
formation prior to the beginning of each data frame from 



a central data link control processor (not shown) and 
generates the appropriate control signals to DEMUX 
1 02 and MUX 1 22. The control signals generated to DE- 
MUX 102. and MUX 122 determine the number of 

s subchannels utilized and the amount of data processed 
in each subchannel. 

The input circuit 102 is referred to as a DEMUX for 
convenience, as the input data stream 102 need not be 
a multiplexed data stream. In operation, the DEMUX 

10 1 02 functions to direct the serial data to one of a plurality 
of destinations (i.e., to one of the CC/INTs 104-110). 

Transmitter modulator 100 provides an advantage 
in that the number of subchannels and the parameters 
of the possible individual subchannels may be designed 

15 to be compatible with the transmission parameters of an 
existing system. The data transmission rate of the ex- 
isting system can be increased without reducing Walsh 
modulator length, or reducing the channel encoding, or 
increasing the modulation level. Error rate performance 

20 of the system need not be reduced to increase the data 
rate. The data transmission frame length of the system 
can be the same at all data transmission rates. Compat- 
ibility with an existing system can be accomplished by 
setting the parameters of the first channel, so that trans- 

25 mitter modulator 1 00 operates as a modulator of the ex- 
isting system, at the data transmission rate of the exist- 
ing system, when only the first channel is in use. The 
data rate can then be increased by adding additional 
subchannels to carry additional data. Transmitter mod- 

30 ulator 100 can be used within an existing system to in- 
crease the data transmission rate of selected transmit- 
ters without interfering with other transmitters that oper- 
ate at the original slower rate. For example, transmitter 
modulator 100 can be designed to be compatible with 

35 the transmission parameters of the data rates specified 
for the CDMA uplink of IS-95-A. In the embodiment of 
Figure 1A a predetermined algorithm may be used in 
transmission rate controller 124 to generate control sig- 
nals from the data rate information. This predetermined 

-to algorithm may be configured so that full rate frames are 
formed whenever possible. In the configuration of trans- 
mitter modulator 100 that is designed for compatibility 
with IS-95-A, transmitter modulator 100 may be used 
with only the first subchannel enabled to provide data to 

4 5 the transmitter for transmission using 20 millisecond 
frames at the IS-95-A rates of 9.6 kbps for full rate, 4.8 
kbps for half rate, 2.4 kbps for one- quarter rate, and 1 .2 
kbps for one-eighth rate. The data transmission rate can 
then be increased to 19.2 kbps by adding a second 

50 subchannel, and to 38.4 kbps by adding a third and 
fourth subchannel while retaining the 20 millisecond 
frame structure. In this embodiment, increasing the 
number of subchannels used by a factor of two, for each 
incremental increase in data transmission rate, allows 

55 the use of only one data burst randomizer 120 located 
in the first subchannel. 

Referring now to Figures 2A and 2B, therein are il- 
lustrated timing diagrams of transmitter modulator 100 
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operation according to the embodiment of the invention 
shown in Figure 1A. Figure 2A illustrates the transmis- 
sion timing of 1.25ms. burst periods (power control 
group periods) within each of three different 20 millisec- 
ond frames for the configuration of transmitter modula- 
tor 100 that is compatible with IS-95-A. Frame 200 illus- 
trates 9.6 kbps data transmission, frame 202 illustrates 
19.2 kbps data transmission, and frame 204 illustrates 
38.4 kbps data transmission. 

Each 20 millisecond frame 200, 202, 204 includes 
16 power control group periods. The power control 
group periods 1, 2, and 16, of each frame are shown. 
The right hand scale of Figure 2 also shows the transmit 
power used for each frame relative to a constant power 
level PT used at 9.6 kbps. Figure 2B illustrates internal 
signal timing within transmitter modulator 100 within a 
series of 20 millisecond frames for 9.6 kbps data trans- 
mission. Diagram 206 illustrates the timing of the output 
signals of DEMUX 102, diagram 208 illustrates the tim- 
ing of the inputs of MUX 1 22, and diagram 210 illustrates 
the output of MUX 122. 

When transmitter modulator 100 modulates a 20 
millisecond frame of 9.6 kbps or slower (4.8, 2.4, or 1 .2 
kbps) data, only the first subchannel, formed by the data 
path through CC/INT 104, Walsh mod 112 and data 
burst randomizer 1 20 is used. The first subchannel func- 
tions in this case as a conventional IS-95 modulator. 
Transmission rate controller 1 24 receives, prior to trans- 
mitter modulator 1 00 receiving the data to be modulated 
at input 132, data rate information indicating the modu- 
lation rate to be used for the next frame or a number of 
next frames. Transmission rate controller 124 then gen- 
erates the appropriate signals to DE MUX 1 02 and MUX 
1 22. DEMUX 1 02 then switches all received data to CC/ 
INT 104 where the data is convolutionally encoded at 
the rate of r = 1/3, k = 9, and interleaved over each 20 
millisecond frame as in IS-95-A. Each 6 bits (one Walsh 
symbol) output from CC/INT 104 is then modulated in 
Walsh mod 11 2 as one of 64 modulation symbols. If the 
data transmission rate is less than 9.6 kbps., data burst 
randomizer then also randomizes the locations of the 
power control group bursts used within each 20 millisec- 
ond frame. For example, if half rate (4.8 kbps) is used 
data burst randomizer randomizes the locations of the 
eight 1 .25 millisecond power control groups used to car- 
ry the transmission in each half rate 20 millisecond 
frame. For a rate of 9.6 kbps, the data is received at 
MUX 122 at a rate of a 4800 sps (4800 Walsh modula- 
tion symbols per second). For slower rates the Walsh 
symbol rate is proportionately reduced. MUX 122 then 
switches the modulation symbols received from data 
burst randomizer 120 of the first subchannel to long 
code spreader 132. Long code spreader 132 then 
spreads each Walsh chip at rate of 1.2288 mcps. The 
modulation symbol burst transmission rate is fixed at 
4800 sos which results in a Walsh chip transmission rate 
of 307.2 kcps. At a chip transmission rate of 307.2 kcps 
each Walsh chip is spread by four PN chips. The spread 



Walsh symbols are then spread by an I PN sequence in 
I PN spreader 128 and a Q PN sequence in Q PN 
spreader 1 30 for transmission on the I and Q channels, 
respectively, and input to RF circuitry. 138. The data is 
s then transmitted at the power level PT as shown in dia- 
gram 200 of Figure 2A. with subchannel 1 data (SC1) 
filling 1.25 millisecond power control group periods of 
the 20 millisecond frame, with the number of frames 
filled depending on the data rate. 
io When data is to be transmitted at the 38.4 kbps rate, 
all four subchannels of modulator 100 are used. As 
shown in timing diagram 204 of Figure 2A. at the 38.4 
kbps data transmission rate each 1 .25 millisecond pow- 
er control period of each 20 millisecond frame includes 
'5 data from each of the first subchannel (SC1 ), the second 
subchannel (SC2), the third subchannel (SC3), and the 
fourth subchannel (SC4). 

In the case of 38.4 kbps data transmission, control- 
ler 1 24 receives data rate information indicating that the 
20 38.4 kbps modulation rate is to be used for the next 
frame or a predetermined number of next frames prior 
to transmitter modulator 100 receiving the data to be 
modulated at input 132. Transmission rate controller 
124 then generates the appropriate signals to DEMUX 
25 1 02 and MUX 122. DEMUX 102 then allocates the re- 
ceived 38.4 kbps data between CC/INT 104, CC/INT 
106, CC/INT 108, and CC/INT 110 so that data is input 
to each subchannel at the rate of 9.6 kbps. Diagram 206 
of Figure 2B illustrates timing of the output signals of 
30 DEMUX 102. At time T=0 ; each group of 1 92 bits, of the 
received 768 bits in a 20 millisecond period, is directed 
to outputs A,B,C and D for input to subchannel 1, 2, 3, 
and 4, respectively. Each of the four subchannels then 
operates on the data at the rate of 9.6 kbps in a similar 
35 manner to that which was described above for the first 
channel in the case of a 9.6 kbps transmission rate, ex- 
cept that since all four subchannels operate in parallel 
on data received at 9.6 kbps which is equivalent to full 
rate on a single channel, data burst randomizer 120 
*o does not randomize data. The interleaving is done over 
a 20 millisecond period. The data is then output from the 
subchannels beginning at T=40 millisecond. Diagram 
208 of Figure 2B illustrates the data as received at MUX 
1 22 on inputs A t B,C, and D from subchannel 1 ,2.3, and 
4 5 4. respectively. The data is presented such so that data 
from each of the subchannels fills one quarter of each 
of the 1 .25 millisecond power control group periods be- 
ginning at time T=40 millisecond. The data is received 
on each input at the rate of 4800 modulation symbols 
50 per second. As shown in diagram 21 0 of Figure 2B, MUX 
1 22 then multiplexes the data to long code spreader 1 32 
at a rate four times that of the 4800 sps. (Walsh modu- 
lation symbol per second) rate received from each sin- 
gle subchannel or. equivalently, at a rate of 1228800 
55 chips per second ( 1 228.8 kcps). MUX 1 22 may perform 
the multiplexing at the symbol or chip level. Long code 
spreader 1 32 then spreads each Walsh chip at a rate of 
1 .2288 mcps. At a chip transmission rate of 1 228.8 kcps. 



BNSOOCID: <EP 0828361 A2J_> 



5 



9 



EP 0 828 361 A2 



10 



each Walsh chip is spread by 1 PN chip. The spread 
Walsh symbols are then spread by an I PN sequence in 
I pilot spreader 1 28 and Q PN sequence in Q PN spread- 
er 1 30 for transmission on the I and Q channels, respec- 
tively, and input to RF circuitry 138. Because of this re- 
duction in the spreading of the Walsh chips as compared 
to the 9.6 kbps data transmission, the transmission pow- 
er is increased over the 9.6 kbps data transmission by 
a factor of four to 4PT in order to keep the power per 
transmitted symbol constant. The data is then transmit- 
ted at the power level 4PT as shown in diagram 204 of 
Figure 2A ; with data from subchannel 1 (SCI ), subchan- 
nel 2(SC2), subchannel 3(SC3) f and subchannel 4 
(SC4) filling each 1 .25 millisecond power control group 
period of the 20 millisecond frame. 

When it is desired to transmit data at 1 9.2 kbps, the 
first and second subchannels of transmitter modulator 
1 00 are used. As shown in timing diagram 202 of Figure 
2, at 1 9.2 kbps each 1 .25 millisecond power control pe- 
riod of a transmitted 20 millisecond frame includes data 
from both the first subchannel (SC1) and second 
subchannel (SC2). 

In the case of 19.2 kbps data transmission, control- 
ler 124 receives data rate information indicating that the 
19.2 kbps modulation rate is to be used for the next 
frame or a number of next frames prior to transmitter 
modulator 100 receiving the data to be modulated at in- 
put 132. Transmission rate controller 124 then gener- 
ates the appropriate signals to DEMUX 102 and MUX 
122. DEMUX 102 then allocates the received 19.2 kbps 
data between CC/INT 104 and CC/INT 106 so that data 
is input to each of CC/INT 104 of subchannel 1 and CC/ 
INT 106 of subchannel 2 at the rate of 9.6 kbps. At time 
T=0, each group of 192 bits, of the received 584 bits in 
a 20 millisecond period, is directed to outputs A and B, 
for input to subchannels 1 and 2, respectively. Each of 
the first and second subchannels then operates on the 
data that is received at the rate of 9.6 kbps in a manner 
similar to that which was described above for the first 
subchannel in the case of the 9.6 kbps transmission 
rate, except that since both subchannels operate in par- 
allel on data received at 9.6 kbps, which is equivalent to 
full rate on each channel, data burst randomizer 120 is 
not used. The interleaving in each.channel is done over 
the 20 millisecond period. The data is then received at 
inputs A and B of MUX 1 22 at T=40 millisecond with the 
data filling one half of each 1 .25 millisecond power con- 
trol group period in a 20 millisecond frame. MUX 122 
then multiplexes the data output from Walsh mods 112 
and 114 of the first and second subchannels, respec- 
tively, to long code spreader 1 32 at a rate double that of 
the 4800 kbps rate received on the outputs of each 
Walsh mod 112 or 114, or equivalently, at a rate of 614 4 
kcps. Long code spreader 1 32 then spreads each Walsh 
chip at a rate of 1.2288 Mcps. At a chip transmission 
rate of 61 A. 4 kcps, each Walsh chip is spread by 2 PN 
chips. The spread Walsh symbols are then spread by 
an I PN sequence in I PN spreader 128 and Q PN se- 



quence in Q PN spreader 1 30 for transmission on the I 
and Q channels, respectively and sent to RF circuitry 
1200. Because of this reduction in the spreading of the 
Walsh Chios, as comoared to the 9.6 kbps data trans- 

5 mission, the transmission power is increased in 1 9.2 kb- 
ps data transmission by a factor of two to 2PT in order 
to keep the power per transmitted bit constant. The data 
is then transmitted at the power level 2PT as shown in 
diagram 202 of Figure 2A, with data from subchannel 1 

10 (SC1 ) and subchannel 2(SC2) filling each 1 .25 millisec- 
ond period of the 20 millisecond frame. 

Referring now to Figure 1 B : therein is a schematic 
block diagram showing portions of a receiver/demodu- 
lator for receiving data on multiplexed subchannels ac- 

is cording to an embodiment of the present invention. Re- 
ceiver demodulator 148 includes receiver circuitry 150, 
1 PN despreader 1 52, Q PN despreader 1 54. long code 
generator 1 60, 1 long code despreader 1 56. Q long code 
despreader 158, demultiplexer (DEMUX) 162, Walsh 

20 demodulators (Walsh Demod) 164, 166, 168, and 170, 
deinterleavers/decoders (Deint/Dec) 172 ; 174, 176, and 
178 : MUX 182 and reception rate controller 180. 

When a signal transmitted from a transmitter mod- 
ulator, such as transmitter modulator 100, is received at 

25 receiver demodulator 148, the I channel signal is de- 
spread in I PN despreader 1 52, and the Q channel signal 
is despread in Q PN spreader 154. Each signal is then 
despread in long code generator 160 or 162 De-MUX 
162 then demultiplexes the received data in a manner 

30 that is the reverse of the manner in which MUX 1 22 mul- 
tiplexed the data in transmitter modulator 1 00. Each out- 
put A : B,C,D of DE-MUX 162 includes a I channel signal 
(solid line) and a Q channel signal (broken line). The 
demultiplexing in De-MUX 162 is done at the same rate 

35 as is the multiplexing in the transmitter/modulator by 
MUX 122. It is assumed that data rate information has 
been received at reception rate controller 1 80 before the 
data signal is received, and the reception rate controller 
180 generates appropriate control information so that 

40 DEMUX 162, Walsh Demods 164-170, De-int/Decs 
172-178, and MUX 182 demodulate the received data 
properly. For example, for a data reception rate of 38.4 
kbps the input of DEMUX 1 62 at each channel(l and Q) 
would be identical to diagram 210 of Figure 2B, while 

45 the outputs A,B,C, D of DEMUX would be identical to 
the waveforms A,B,C.D, respectively for the outputs of 
MUX 122 shown in diagram 208. Each Walsh Demod. 
De-int/Dec pair then processes the data and the proc- 
essed data is input to inputs A,B.C : D : of MUX 182 192 

50 bits at a time The waveforms of data input to inputs A, 
B : C.D of MUX 182 may be identical to the waveforms 
for outputs A. B.C. D, respectively, of DEMUX 102 shown 
in diagram 206. 

Transmitter modulator 100 thus provides an appa- 

55 ratus for increasing the data transmission rate of an ex- 
isting system. Transmitter modulator 100 can be imple- 
mented in an existing system without reducing the 
Walsh modulator length, reducing the channel encod- 
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ing, or, increasing the l/Q modulation level. The Walsh 
modulator length, the channel encoding, and the l/Q 
modulation level can remain the same throughout the 
system while new devices using transmitter modulators 
operating according to the embodiment of transmitter 
modulator 100 are introduced and operated at higher 
data transmission rates. Furthermore, because "each 
subchannel interleaves data over a period of time equal 
to the data transmission frame time, the effects of in- 
creasing the data rate on spurious interference sensitiv- 
ity are reduced. 

Referring now to Figure 3, therein is a schematic 
block diagram showing portions of a transmitter modu- 
lator 300 utilizing multiplexed subchannels according to 
another embodiment of the invention. Transmitter mod- 
ulator 300 provides the same data transmission rate in- 
crease capability and advantages as transmitter modu- 
lator 1 00 but also allows transmission at incremental da- 
ta transmission rates between the data transmission 
rates obtainable with transmitter modulator 100. Trans- 
mitter modulator 300 includes demultiplexer (DEMUX) 
302, parallel convolutional coder/interleavers (CC/INT) 
304, 306, 308 and 310, parallel Walsh modulators 
(Walsh mod) 312, 314, 316 and 318, data burst rand- 
omizers 320, 322, 324 and 326, MUX 328, transmission 
rate controller 330, long code generator 332, long code 
spreader 338, Q PN spreader 336, and I PN spreader 
334. Transmitter modulator 300 receives input data on 
input 340 and generates output data to RF circuitry 346 
at outputs 334 and 336 for transmission. In the embod- 
iment shown in Figure 3, transmitter modulator 300 uti- 
lizes four parallel subchannels, each capable of carrying 
data between DEMUX 102 AND MUX 328, for data 
transmission rate variation. In this embodiment, each of 
the four subchannels is always allocated a quarter pe- 
riod (.3125 millisecond) of each of the sixteen 1 .25 mil- 
lisecond power control group transmission periods of 
each transmitted 20 millisecond frame. Depending on 
the data transmission rate requirements, each of the 
four subchannels may or may not carry data transmis- 
sions in the 3125 millisecond period allocated to it in a 
particular 20 millisecond frame. The first subchannel is 
formed by the data transmission path through CC/INT 
304, Walsh mod 31 2 and data burst randomizer 320, the 
second subchannel is formed by the data transmission 
path through CC/INT 306, Walsh mod 314, and data 
burst randomizer 322, the third subchannel is formed by 
the data transmission path through CC/INT 308, Walsh 
mod 316, and data burst randomizer 324, and the fourth 
subchannel is formed by the data transmission path 
through CC/INT 310, Walsh mod 318, and data burst 
randomizer 326. Although four possible parallel 
subchannels are shown, alternatives of the embodiment 
having more or less than four subchannels are possible. 

Transmitter modulator 300 can be designed to be 
compatible with the transmission parameters of the data 
rates specified for the CDMA uplinkof I S-95 as specified 
in the document TIA/EIA/IS-95-A. In the configuration 



of Modulator 300 that is designed for compatibility with 
IS-95-A, modulator 300 may be used to provide data for 
transmission at the IS-95-A rates of 9.6 kbps for full rate, 
4.8 kbps for half rate, 2.4 kbps for one- quarter rate, and 
s 1.2 kbps for one-eighth rate using 20 millisecond 
frames. The data transmission rate can also be in- 
creased to 19.2 kbps, 28.8 kbps, or to 38.4 kbps. Also 
by operating channels in varying increments of full rate 
data, transmission rates between 9.6 kbps, 19.2 kbps, 
io 28.8 kbps, and 38.4 kbps can obtained. Transmission 
rate controller 330 may generate control signals to DE- 
MUX 302 to select the subchannels according to a pre- 
determined algorithm, so that full rate frames are formed 
whenever possible. 
is In the operation of transmitter modulator 300, digital 
data is received at input 340 of DEMUX 302 and mod- 
ulated into 20 millisecond frames that transmitter mod- 
ulator 300 sends to the RF circuitry 346 from outputs 
342 and 344. Transmission rate controller 330 receives 

20 data rate information prior to the beginning of each 20 
millisecond frame from a central control processor (not 
shown) and generates the appropriate control signals to 
DEMUX 302 and MUX 328. Depending on the rate of 
the data received on input 340, DEMUX 302 allocates 

25 data received at input 340 so that data is received on at 
least one of the inputs of CC/INT 304, CC/INT 306, CC/ 
INT 308, and CC/INT 310 at a rate of 9. 6 kbps or less, 
i.e., half (4.8kbps), quarter (2.4 kbps) or eighth rate (1 .2 
kbps). If data is received on input 340 at 9.6 kbps DE- 

30 MUX 302 switches data to only the first subchannel. If 
data is received on input 340 at 19.2 kbps, the data is 
allocated between the first and second subchannels. If 
data is received at 28.8 kbps the data is allocated be- 
tween the first, second and third subchannels. If data is 

35 received at 38.4 kbps, the received data is allocated be- 
tween all four subchannels. MUX 328 then multiplexes 
the data from each subchannel onto the appropriate . 
3125 millisecond period of each power control group in 
each 20 millisecond frame and inputs the data to 

40 spreader 338. 

Referring now to Figures 4A and 4B, therein are il- 
lustrated timing diagrams of uplink transmissions ac- 
cording to the embodiment of the invention shown in Fig- 
ure 3. Figure 4A illustrates the transmission timing of 

45 three 1 .25 millisecond power control group periods with- 
in each of four different 20 millisecond frames 400-406 
for the configuration of the transmitter modulator 300 
that is compatible with IS-95-A. Frame 400 illustrates 
9.6 kbps data transmission, frame 402 illustrates 19.2 

50 kbps data transmission, frame 404 illustrates 28.8 kbps 
data transmission, and frame 406 illustrates 38.4 kbps 
data transmission. The first, second, and last power 
control group periods of each frame are shown. The 
right hand scale of Figure 4 also shows the transmit 

55 power relative to the value PT of Figure 2. Figure 4B 
illustrates internal signal timing within transmitter mod- 
ulator 300 within a series of 20 millisecond frames for 
28.8 kbps data transmission. Diagram 408 illustrates 
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timing of the output signals of DE MUX 302, diagram 
410 illustrates timing of the inputs of MUX 328, and di- 
agram 412 illustrates the output of MUX 328. 

When data is to be transmitted at a rate of 9.6 kbps 
or less, DEMUX 302 switches the received data to the 
first subchannel that is formed by the transmission path 
through CC/INT 304, Walsh mod 312, and data burst 
randomizer 320. The first subchannel then operates on 
the data in a manner equivalent to that which was de- 
scribed for the embodiment of Figure 1A for the first 
subchannel in the case of a 9.6 kbps or slower trans- 
mission rate. However, Walsh modulator 312 outputs 
the data within the first .325 millisecond of each 1.25 mil- 
lisecond power control group period in a 20 millisecond 
frame, as opposed to a whole 1.25 millisecond period. 
The result at the output of Walsh mod 312 is a stream 
of Walsh symbols at the rate of 4.8 ksps. For data rates 
Jess than 9.6 kbps the symbol rate is proportionately re- 
duced by causing one or more of the quarter periods to 
be empty of data. For 4.8 kbps, 2.4 kbps, or 1.2 kbps 
data rates the data burst randomizer 320 may be used 
to randomize the power control group period used and 
its location in a frame. Each frame is then spread in 
spreader 338, 1 PN spreader 334, and Q PN spreader 
336. As shown in frame 400 of Figure 4 A, at a data trans- 
mission rate of 9.6 kbps, one .325 millisecond period of 
each 1.25 millisecond power control group period is 
filled with the data from the first subchannel (SC1). For 
data rates less than 9.6 kbps, one .325 millisecond pe- 
riod of each of an appropriate number of control group 
periods, of less than the total number of each of the six- 
teen power control group periods, is filled with data. Al- 
so, data burst randomizer 320 randomizes the location 
on the data among the control groups in the case of data 
rates less than 9.6 kbps. No symbols are sent during the 
time of the 1 .25 millisecond period other than the .325 
millisecond period used for SC1 . The actual modulation 
symbol burst transmission rate for this embodiment is 
fixed at a rate of 19.2 ksps, which results in an actual 
Walsh chip burst transmission rate of 1.2288 mcps. 
Since long code spreader 332 spreads each Walsh chip 
at a rate of 1 .2288 mcps., each Walsh chip is spread by 
one PN chip. The spread Walsh symbols are then 
spread by an I PN sequence in I PN spreader 334 and 
a Q PN sequence in Q PN spreader 336 for transmission 
on the I and Q channels, respectively, and sent to the 
RF portion of the transmitter. I n order to keep the energy 
per transmitted bit constant the data is transmitted at 
four times the rate as compared to the single channel 
case of the embodiment of Figure 1 A. 

When data is transmitted at a rate of 1 9.2 kbps, two 
subchannels are used. Frame 402 of Figure 4A illus- 
trates the case of 19.2 kbps data transmission. At the 
19.2 kbps rate subchannel 1 (SC1) and subchannel 2 
(SC2) fill the first and second .325 millisecond periods 
of each 1 .25 millisecond power contror group period in 
each 20 millisecond frame. In the case of data transmis- 
sion at 19.2 kbps, 19.2 kbps data received at input 340 



of DEMUX 302 is directed into the first and second 
subchannels of transmitter modulator 300 at a rate of 
9.6 kbps for each subchannel. The data is then proc- 
essed in each of the subchannels in a manner identical 
s to that in which the first subchannel processes data for 
transmission at 9.6 kbps, as was described for frame 
400. Data processed in the first and second subchannel 
paths of transmitter modulator 300 is then multiplexed 
and compressed by MUX 328 into transmit subchannel 

10 t (TC1 ) and transmit subchannel 2 (TC2), respectively, 
of each 1.25 millisecond power control group period of 
each 20 millisecond frame. The symbols output from 
MUX 328 are then processed in a manner identical to 
that in which symbols are processed for 9.6 kbps data 

15 transmission and sent to the RF circuitry 346. 

When data is transmitted at a rate of 28.8 kbps, 28.8 
kbps data received at input 340 of DEMUX 302 is direct- 
ed into the first, second, and third subchannels of trans- 
mitter modulator 300 at a rate of 9.6 kbps for each 

20 subchannel. Diagram 408 of Figure 4B 'ustrates the 
outputs of DEMUX 302. Beginning at T=J, each group 
of 192 bits in the 576 bits received in a 20 millisecond 
period at input 340 is directed to one of outputs A,B, and 
C of DEMUX 302. The data is then processed in each 

25 of the subchannels in a manner similar to that in which 
the first subchannel processes data for transmission at 
9.6 kbps, as was described for frame 400. At T=40 mil- 
lisecond the data from subchannels 1 ,2, and 3, is input 
to inputs A,B, and C, respectively, of MUX 328. Diagram 

30 410 illustrates the input timing of MUX 328. The data 
from each of subchannels 1 ,2 and 3 is received in the 
first, second, and third .325 millisecond period, respec- 
tively, of each 1 .25 millisecond period of each 20 ms da- 
ta frame. The fourth .325 millisecond period of each 

35 1 .25 millisecond period is left empty in the case of 28.8 
kbps. The data is received at each input of A,B, and C 
at a Walsh symbol rate of 4.8 ksps. The data is then 
multiplexed by MUX 328. Diagram 412 illustrates the 
outputs of MUX 328. Data fills each of the first three of 

40 four. 325 millisecond periods of each 1.25 millisecond 
period in the frame. The symbols output from MUX 328 
are then processed, in a manner identical to that in 
which symbols are processed for 9.6 kbps data trans- 
mission, and sent to the RF portion of the transmitter. 

^5 Frame 404 of Figure 4A illustrates a 20 millisecond 
transmission frame for the case of a 28.8 kbps data 
transmission rate. At the 28.8 kbps rate, data from 
subchannel 1 (SC1 ), data from subchannel 2 (SC2), and 
data from subchannel 3 (SC3) fills the first three of four . 

50 325 millisecond periods of each 1 .25 millisecond power 
control group period of each 20 millisecond frame. 

For a 38.4 kbps data transmission rate, all four .325 
millisecond periods of each 1 .25 millisecond power con- 
trol group period in a 20 millisecond frame are used. 

55 Frame 406 of Figure 4A illustrates a 38.4 kbps data 
transmission frame. The operation of transmitter modu- 
lator 300 is similar to that described for 28.8 kbps data 
transmission, which the exception that a fourth 
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subchannel is enabled in transmitter modulator 300. 
38.4 kbps data received at input 340 is directed into 
each of the four subchannels of transmitter modulator 
.^nn at 9.6 kbps. The data is then processed in the 
subchannels and input to inputs A.B.C, and D of MUX 
328 in the first, second, third, and fourth, respectively, . 
325 millisecond periods of each 1.25 millisecond time 
period of a 20 millisecond frame. The data is then mul- 
tiplexed by MUX 328. At the output of MUX 328 data fills 
each of the four .325 millisecond periods of each 1 .25 
millisecond period in a 20 millisecond frame at the rate 
of 4.8 ksps for each input. Frame 406 of Figure 4A illus- 
trates a 20 millisecond transmission frame for the case 
of a 38.4 kbps data transmission rate. At the 38.4 kbps 
rate, data from subchannel 1 (SC1 ), data from subchan- 
nel 2 (SC2), data from subchannel 3 (SC3), and data 
from subchannel 4 (SC4) fills the first, second, third, and 
fourth, respectively, 325 millisecond periods of each 
1.25 millisecond power control group period. The sym- 
bols output from MUX 328 are then processed, in a man- 
ner identical to that in which symbols are processed for 
9.6 kbps data transmission, and sent to the RF circuitry 
346 for transmission. 

The receiver demodulator for receiving and demod- 
ulating the signal transmit by transmitter modulator 300 
may be identical at the schematic block level to receiver 
demodulator 148 of Figure 1b. In this case DEMUX 162 
and MUX 182 would perform the reverse operations as 
DEMUX 102 and MUX 122. For example, at 28.8 kbps 
the input of De-MUX 162 would have a waveform iden- 
tical to that shown in diagram 412, the outputs A,B,C, D 
of De-MUX 162 would have a waveforms identical to 
that shown in diagram 410 for A, 8,0,0, respectively, 
and the inputs A.B.C, D of MUX 1 82 would have a wave- 
form identical to that shown in diagram 408 for A.B.C, 
D, respectively. 

The embodiment of Figure 3 may also be used to 
support the transmission of data at incremental rates be- 
tween 9.6 and 38.4 kbps by operating a subchannel at 
a rate less than 9.6 kbps. For example : data may be 
transmitted at a rate of 14.4 kbps by using DEMUX 302 
to direct received 14.4 kbps data into the first and sec- 
ond channels at 9.6 kbps and 4.8 kbps, respectively, and 
then using the second subchannel at half rate. In this 
case the second .325 millisecond period of each 1.25 
millisecond period power control group is filled in only 
eight of the sixteen power control group periods of each 
20 millisecond frame. 

Referring now to Figure 5, therein is a schematic 
block diagram showing portions of a transmitter modu- 
lator 500 according to an alternative of the embodiment 
of Figure 3. Transmitter modulator 500 includes identical 
functional blocks as transmitter modulator 300 for Fig- 
ure 3, with the difference being that Walsh modulators 
312-318 and data burst randomizers 320-326 are re- 
placed by a single Walsh modulator 512 and data burst 
randomizer 520 and moved to the other side of the 
subchannel output of MUX 528. In transmitter modulator 



500, subchannels 1.2,3. and 4 are formed by the data 
paths between DEMUX 502 and MUX 522 through CC/ 
I NTs 504. 506. 508, and 510, respectively. In transmitter 
modulator 500 the speed of operation of Walsh modu- 
5 lator 512 is increased above that of Walsh modulators 
312-318 by a factor proportional to the number of 
subchannels used. The data frame transmission timing 
for transmitter modulator 500 is identical to that shown 
in Figure 4A for transmitter modulator 300. 
to Referring now to Figure 6 ; therein are illustrated tim- 
ing diagrams showing transmitter modulator operation 
according to the embodiment of the invention shown in 
Figure 5. The timing diagrams of Figure 6 show internal 
signal timing for an exemplary data rate of 28.8 kbps. 
'5 Diagram 602 illustrates the outputs of DEMUX 502, di- 
agram 604 illustrates the inputs of MUX 512, and dia- 
gram 606 illustrates the output of Walsh modulator 514. 
In the operation of transmitter modulator 500, 28.8 kbps 
data is received on input 532 of DEMUX 502. Starting 

20 at T = 0, each of the three 1 92 bit groups of the 576 bits 
in a 20 millisecond time period are directed to outputs 
A,B, and C of DEMUX 502 in the manner shown in dia- 
gram 602. The data from outputs A,B. and C is then input 
to subchannels 1 ,2, and 3, respectively. The data is con- 

25 volutionally encoded and interleaved over a 20 millisec- 
ond time period in the appropriate subchannel and mul- 
tiplexed at MUX 528 into Walsh modulator 512. As 
shown in diagram 604. the data is received at the inputs 
of MUX 512 from subchannels A.B, and C in the first, 

30 second and third .325 millisecond periods, respectively, 
of each 1 .25 millisecond power control group period in 
the 20 millisecond frame beginning at T = 40 millisec- 
ond. The fourth .325 millisecond period of each 1.25 mil- 
lisecond period is left empty. Walsh modulator 512 re- 

3S ceives the data at the rate of 3 x 28800 CC/INT code 
symbols per second, when 3 subchannels used. Walsh 
modulator 51 2 then outputs Walsh symbols to data burst 
randomizer 520 at the rate of 3 x 307.2 kcps as shown 
in diagram 606. The data ts then spread in spreader 538. 

JO | pn spreader 534. and Q PN spreader 542 and sent to 
the RF circuitry (not shown). The data is transmitted 
identically as that shown in Frame 404 of Figure 4A. At 
the 28.8 kbps rate, data from subchannel 1 (SC1), data 
from subchannel 2 (SC2), and data from subchannel 3 
(SC3) fills the first three of four .325 millisecond periods 
of each 1.25 millisecond power control group period of 
the 20 millisecond frame. The transmission power is in- 
creased to 4PT relative to the embodiment of Figure 1 A, 
when the embodiment of Figure 1A is used at the 9.6 

50 kbps data rate. 

Transmitter modulators 300 and 500 each provide 
an apparatus for increasing the data transmission rate 
of a CDMA system. The use of independent data burst 
randomizing for each channel allows for incremental in- 

55 creases in data transmission rate, with the lowest incre- 
mental increase being the lowest data rate available on 
a single subchannel. Transmitter modulators 300 and 
500 can be implemented in an existing system without 
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reducing Walsh modulator length, reducing the channel 
encoding, or increasing the l/Q modulation level. The 
Walsh modulator length, the channel encoding and the 
l/Q modulation level can remain the same throughout 
the system while new devices using transmitter modu- 
lators operating according to the embodiment of trans- 
mitter modulator 300 and 500 are introduced and oper- 
ated at higher data transmission rates. Transmitter mod- 
ulator 300 requires additional data burst randomizers as 
compared to transmitter modulator 1 00 of Figure 1 , and 
transmitter modulator 500 requires a Walsh modulator 
and data burst randomizer that is capable of operating 
at four times the speed of the Walsh modulators and 
data burst randomizers of transmitter modulators 100 
and 300. Because each subchannel interleaves data 
over a period of time equal to the data transmission 
frame time, the effects of increasing the data rate on 
spurious interference sensitivity are reduced. 

Referring now to Figures 7A and 7B, therein are 
schematic block diagrams showing portions of a trans- 
mitter 700, and receiver 740, respectively, utilizing mul- 
tiplexed l/Q channels according to a further embodiment 
of the invention. Transmitter modulator 702 includes 
convolutional encoder/interleaver (CC/INT) 703, Walsh 
modulator 704, multiplexer(MUX) 706, data burst rand- 
omizers 708 and 710, long code generator 712, long 
code spreaders 710 and 714, I PN spreader 726, Q PN 
spreader 728, and delay block 716. RF circuitry 720 in- 
cludes baseband filters 718 and 721 , cosine modulator 
722, sine modulator 724, and combiner 730. Receiver 
740 includes cosine demodulator 742, sine demodulator 
744, baseband filters 746 and 748, delay block 750, I 
and Q PN despreaders 752 and 756, long code de- 
spreaders 754 and 758, integrator and dumpers (l&D) 
760 and 766, inverse Walsh-Hadamard transform 
blocks (WHT) 764 and 766, absolute value blocks ( ABS) 
768 and 770 (e.g., I2+Q 2 ), and multiplexer 772. 

Transmitter modulator 700 receives data on input 
732 and provides two different data streams to RF cir- 
cuitry 720 at outputs 734 and 736. The use of two dif- 
ferent data streams at outputs 734 and 736 allows inde- 
pendent modulation of each data stream onto a quad- 
rature channel in RF circuitry 720. Simultaneous trans- 
mission on the quadrature channels increases the data 
transmission rate by a factor of two. Transmitter 700 
may be used to transmit data at the rates of 2.4 kbps, 
4.8 kbps, 9.6 kbps, and 19.2 kbps. 

In the operation of transmitter modulator 702, trans- 
mission rate controller 738 receives, prior to transmitter 
modulator 700 receiving the data to be modulated at in- 
put 732, data rate information indicating the data rate to 
be used for the next frame or a number of next frames. 
Transmission rate controller then generates the appro- 
priate signals to MUX 706, CC/INT 703, Walsh modula- 
tor 704, and data burst randomizers 708 and 710. When 
the data is received on input 732. CC/INT 703 convolu- 
tionally encodes and interleaves the data over a 20 mil- 
lisecond period. For a 1 9.2 kbps data rate, code symbols 



are output from CC/INT 703 at the rate of 57.6 ksps, for 
a 9.6 kbps data rate the code symbol output rate of CC/ 
INT 703 is 28.8 ksps. for a 4.8 kbps data rate the code 
symbol output rate of CC/INT 703 is 14.4 ksps. and .for 

s a data rate of 2.4 kbps the output rate of CC/INT 703 is 
7.2 ksps. The data is then input to Walsh modulator 704 
which modulates each six received bits onto one Walsh 
symbol. The Walsh symbols are then output from Walsh 
modulator 704 at the rate of 9.6 ksps for a 19.2 kbps 

10 data rate. 4.8 ksps for a 9.6 kbps data rate, 2.4 ksps for 
a 4.8 kbps data rate : or 1 .2 ksps for a 2.4 kbps data rate. 
MUX 706 then multiplexes the received data at the sym- 
bol level between data burst randomizers 708 and 709. 
The data output from data burst randomizers 708 and 

is 709 is then spread in long code spreaders 710 and 714. 
respectively, at a rate of 1 .2288 mcps. The output long 
code spreader 710 is then spread by an I PN sequence 
in I PN spreader 726 and the output of long code spread- 
er 714 is then spread by a Q PN sequence in Q PN 

20 spreader 728. The embodiment of transmitter 700 pro- 
vides a signal detectable in a receiver using non-coher- 
ent detection techniques. Since each of the quadrature 
signals transmitted from transmitter 720 are modulated 
onto orthogonal Walsh symbols, co-channel interfer- 
es ence between the two channels is reduced. Also, since 
multiplexing in MUX 706 is done at the Walsh symbol 
level, the orthogonality necessary for non-coherent de- 
tection of the Walsh symbols is maintained. 

In receiver 740, the input data received on the I and 

30 Q channels is multiplied by the I PN sequence and Q 
PN sequence in despreader 752, and the same data is 
also multiplied by the I PN sequence and Q PN se- 
quence in despreader 756. The outputs of each de- 
spreader are then multiplied by the long code in long 

35 code despreaders 754 and 758. By inputting data re- 
ceived on both channels into each despreader, the I 
channel information that has leaked into the Q channel 
and the Q channel information that has leaked into the 
I channel is recovered. The powers, rather than the am- 

40 plitudes, of the two streams containing the I and Q data 
are combined. This is done to remove the effect of phase 
difference between the signals in the I and Q signals. 
Integrate and dump is then performed on the I and Q 
data in l&Ds 760 and 762. The integration time con- 

■*5 stants may be fixed, and are related to the Walsh chip 
rate. An inverse Walsh-Hadamard transform is then per- 
formed on the output of l&D 760 and 762 in Inverse 
WHTs 764 and 766, respectively, to determine the re- 
ceived 6 bit Walsh symbols. The Walsh symbols from 

50 each channel are then multiplexed in MUX 772 to a sin- 
gle data stream at the transmitted rate. 

It is possible to combine dual l/Q channel modula- 
tion of the type shown in Figure 7 with the use of parallel 
subchannels to further increase the maximum data rate. 

55 For example, dual l/Q channel modulation may be com- 
bined with the use of transmitter modulator 100 to in- 
crease the data rate by a factor of two above the maxi- 
mum data rate of the embodiment of Figure 1 A. 
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Referring now to Figure 8, therein is a schematic 
block diagram showing portions of an transmitter mod- 
ulator 800 utilizing combined multiplexed subchannel 
and multinipv^H i/nrhannoi Hata modulation, according 
to an embodiment that combines the principles of the 
transmitter modulators of Figures 1 and 7 A. Transmitter 
modulator 800 includes DEMUX 802, eight CC/INTs 
804-818, eight Walsh modulators 820-834, data burst 
randomizers 836 and 840, MUXs 842 and 844, long 
code generator 846, long code spreaders 848 and 850, 
I PN spreader 852, and Q PN spreader 854. Transmitter 
modulator 800 receives data on input 860 and gener- 
ates data to the RF portion of a transmitter, such as 
transmitter circuitry 1 38 of Figure 1 A at outputs 856 and 
858. In the embodiment shown in Figure 8, transmitter 
modulator 800 utilizes two sets of subchannels for a 
maximum of eight possible parallel subchannels. A set 
of a maximum of four subchannels are available for 
processing and carrying data between DEMUX 802 and 
MUX 842, and a set of a maximum of four subchannels 
is available for carrying data between DEMUX 802 and 
MUX 844. Each pair of one of the CC/INTs 804-81 8 and 
one of the Walsh mods 820-834 that forms a data path 
between DEMUX 802 and MUX 842 or DEMUX 802 and 
MUX 844 forms a subchannel. For example, CC/INT 
804 and Walsh mod 820 form subchannel 1 for carrying 
data between DEMUX 802 and MUX 842. The number 
of subchannels in use from each set at any time de- 
pends on the data transmission rate requirements. The 
data from each set of four subchannels is then inde- 
pendently modulated onto one of two quadrature chan- 
nels for simultaneous transmission. Although a maxi- 
mum of eight parallel subchannels is shown more or less 
than four subchannels may be provided in alternative 
embodiments of the invention. Similarly to the transmit- 
ter modulator 1 00 of Figure 1 , transmitter modulator 800 
can be designed to be compatible with an existing sys- 
tem and to increase the data transmission rate of that 
system without changing the frame structure and with 
minimum changes to system data transmission param- 
eters. For example, transmitter modulator 800 can be 
designed to be compatible with the transmission param- 
eters specified for the CDMA uplink of the IS-95-A sys- 
tem. In the configuration of transmitter modulator 800 
that is designed for compatibility with IS-95-A, transmit- 
ter modulator 800 may be used with one subchannel of 
each set of four subchannels enabled and operating at 
half rate (4.8 kbps data transmission rate), with each en- 
abled subchannel providing data to one of the quadra- 
ture channels to transmit at the combined rate of 9.6 kb- 
ps. The data transmission rate can then be increased 
by increasing the data rate of the enabled subchannels 
and, also, by enabling additional subchannels in each 
set of four. Data transmission rates of 19.2 kbps, 38.4 
kbps, and 76.8 kbps are thus possible using the illus- 
trated embodiment. 

Referring now to Figures 9A and 9B, therein are tim- 
ing diagrams of transmitter modulator operation accord- 



ing to the embodiment of the invention shown in Figure 
8. Figure 9A illustrates the transmission timing of two 
1.25 millisecond periods (power control group periods) 
within each of four different 20 millisecond transmission 
5 frames for the configuration of transmitter modulator 
800 that is compatible with IS-95-A. Frame 902 illus- 
trates 9.6 kbps data transmission, frame 904 illustrates 
19.2 kbps data transmission, frame 906 illustrates 38.4 
kbps data transmission, and frame 908 illustrates 76.8 
to kbps data transmission. Figure 9B illustrates internal 
signal timing within transmitter modulator 800 within a 
series of 20 ms frames for 76.8 kbps data transmission. 
Diagram 910 illustrates timing of the output signals of 
DEMUX 802, diagram 91 2 illustrates timing of the inputs 

'5 and output of MUX 842, and diagram 9 1 4 illustrates tim- 
ing of the inputs and output of MUX 844. 

When transmitter modulator 800 modulates a 9.6 
kbps data rate 20 millisecond frame, one subchannel of 
each set of four subchannels is enabled. In this case, 

20 subchannel 1 , formed by CC/INT 804, Walsh mod 820, 
and data burst randomizer 836, and subchannel 5, 
formed by CC/INT 812, Walsh mod 828 ; and data burst 
randomizer 840 may be enabled. Diagram 902 shows 
9.6 kbps data transmission. Data received at input 860 

2S at the rate of 9.6 kbps is directed by DEMUX 802 to each 
of subchannels 1 and 5 at the rate of 4.8 kbps. Each 
subchannel then convolutionally encodes, interleaves, 
and modulates the data onto Walsh symbols over a 20 
millisecond period. The data is then input from subchan- 

30 nel 1 to long code spreader 850 and from subchannel 2 
to long code spreader 848 at the rate of 307.2 kcps. 
Each long code spreader spreads each Walsh chip at a 
rate of 1 .2288 mcps. Data from long code spreader 850 
is then spread in I PN spreader 852 by an I PN sequence 

35 and the data from long code spreader 854 is spread in 
Q PN spreader by a Q PN sequence. The data is then 
sent to the RF circuitry where the I data stream is trans- 
mitted on the I channel and the Q data stream is trans- 
mitted on the Q channel. Diagram 902 of Figure 9A il- 

•*o lustrates two 1 .25 millisecond power control group pe- 
riods of a possible data transmission frame. Data from 
subchannel 1 (SC1 ) fills the first 1 .25 millisecond period 
of the frame on the I channel and data from subchannel 
5 (SC5) fills the first 1 .25 millisecond period of the frame 

4 $ on the Q channel, while the second power control group 
period is left empty The location of the filled power con- 
trol group periods is arbitrary. Since each of the I and Q 
channels is carrying data at half rate (4.8 kbps), data 
burst randomizers 836 and 840 may be used to rand- 

50 omize the locations of the eight 1 .25 millisecond power 
control group periods that are used in each 20 millisec- 
ond frame. 

When data is to be transmitted at the 76.8 kbps rate, 
all eight subchannels of modulator 800 are used. At the 
55 76.8 kbps data transmission rate each 1 .25 millisecond 
power control period of each 20 millisecond frame trans- 
mittal on the I channel includes data from each of the 
first subchannel (SC1), the second subchannel (SC2), 
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the third subchannel (SC3), and the fourth subchannel 
(SC4), and each power control group period of each 20 
millisecond frame transmittal on the Q channel includes 
data from each of the fifth subchannel (SC5), the sixth 
subchannel (SC6), the seventh subchannel (SC7), and 
the eighth subchannel (SC8). Diagram 908 of Figure 9A 
illustrates two 1 .25 millisecond power control group pe- 
riods. 

In the case of 76.8 kbps data transmission, trans- 
mission rate controller 838 receives, prior to transmitter 
modulator 800 receiving the data to be modulated at in- 
put 860, data rate information indicating that the 76.8 
kbps modulation rate is to be used for the next frame or 
a number of next frames. Transmission rate controller 
838 then generates the appropriate signals to DEMUX 
802, MUX 842, and MUX 844. CC/INT 804-818 and 
Walsh modulators 820-834, DEMUX 802 then directs 
the received 76.8 kbps data to the eight CC/INTs 
804-81 8, so that data is input to each subchannel at the 
rate of 9.6 kbps. Diagram 910 of Figure 9B illustrates 
the signal timing at the outputs of DEMUX 802. At time 
T = 0, each group of 192 bits, of the received 1536 bits 
in a 20 millisecond period, is directed to outputs A,B t C, 
D,E,F,G and H, for input to subchannel 1 ,2,3,4,5,6,7 and 
8 : respectively. Each of the eight subchannels then op- 
erates on the data at a rate of 9.6 kbps in a manner 
equivalent to that which was described for each channel 
for transmitter modulator 1 00 of Figure 1 A for 38.4 kbps 
data transmission. The data is then output from the 
subchannels beginning at T - 40 millisecond. Diagram 
912 of Figure 9B illustrates the data as received on in- 
puts A : B ; C, and D of MUX 842 from subchannel 1,2,3, 
and 4 : respectively, and diagram 914 illustrates the data 
as received on each input A,B,C, and D of MUX 844 
from subchannel 5,6,7, and 8, respectively. 

The data received from each of the subchannels fills 
one .325 millisecond period of each 1.25 millisecond 
power control group period in a 20 millisecond frame, 
beginning at time T=40 millisecond. The data is received 
on each input at the rate of 4800 modulation symbols 
per second. As shown in diagram 912 MUX 842 then 
multiplexes the data to long code spreader 850 at a rate 
four times that of the 4800 modulation symbol per sec- 
ond rate received from each single subchannel or, 
equivalent^, at a rate of 1228.8 kcps. MUX 844 per- 
forms the identical operation for long code spreader 
848. MUXs 844 and 842 may perform the multiplexing 
at the symbol or chip level. Each long code spreader 
spreads each Walsh chip at a rate of 1 .2288 mcps: Data 
from long code spreader 850 is then spread in I PN 
spreader 852 by an I PN sequence and the data from 
long code spreader 854 is then spread in Q PN spreader 
by a Q PN sequence. The data is then sent to RF cir- 
cuitry, similar to that in Figure 1A, where the I data 
stream is transmitted on the I channel and the Q data 
stream is transmitted on the Q channel. Data from 
subchannel 1(SC1), subchannel 2(SC2), subchannel 3 
(SC3), and subchannel 4(SC4), fills the first, second, 



third, and fourth, respectively, .325 millisecond quarters 
of each 1.25 millisecond power control group period 
within a 20 millisecond frame on the I channel. Data from 
subchannel 5(SC5), subchannel 6(SC6), subchannel 7 

s (SC7), and subchannel 8(SC), fills the first, second, 
third, and fourth, respectively, .325 millisecond long pe- 
riods of each 1 .25 millisecond power control group pe- 
riod within a 20 millisecond frame on the Q channel. Be- 
cause of the reduction in the spreading of the Walsh 

io chips as compared to the 9.6 kbps data transmission, 
the transmission power is increased over 1 9.2 kbps data 
transmission by a factor of four to 4PT in order to keep 
the transmitted power per bit constant. 

For the cases of 19.2 kbps and 38.4 kbps data 

1$ transmission the transmitter modulator 800 functions in 
a similar manner. Each 192 bit group of the total bits 
received in a 20 millisecond period at input 860 are di- 
rected into subchannels 1 and 5 for 1 9.2 kbps rate data, 
and into subchannels 1 ,2,5, and 6 for 38.4 kbps rate da- 

20 ta. The data is then convolutionally encoded, inter- 
leaved over a 20 millisecond period, and modulated on- 
to Walsh symbols in each channel. The outputs from 
each subchannel are then multiplexed to the I channel 
by MUX 842 or to the Q channel by MUX 844, spread 

25 and sent to the RF portion of the transmitter. Diagram 
904 of Figure 9A illustrates two 1 .25 millisecond power 
control group periods of a data transmission frame for 
19.2 kbps data transmission. Data from subchannel 1 
(SC1 ) fills the 1 .25 millisecond power control group pe- 

30 nods of the frame on the I channel. Data from subchan- 
nel 5(SC5) fills the 1 .25 millisecond power control group 
periods of the frame on the Q channel. Diagram 906 of 
Figure 9A illustrates two 1 .25 millisecond power control 
group periods of a data transmission frame for 38.4 kbps 

35 data transmission. Data from subchannel 1(SC1) and 
subchannel 2(SC2) fill the first and second, respectively, 
625 millisecond periods of each 1 .25 millisecond power 
control group periods within a 20 millisecond frame on 
the I channel. Data from subchannel 5(SC5) and 

40 subchannel 6(SC6) fill the first and second, 
respectively, .625 millisecond periods of each 1 .25 mil- 
lisecond power control group periods within a 20 milli- 
second frame on the Q channel. The power used to 
transmit the 38.4 kbps frame is increased by a factor of 

45 two over the value PT used to transmit 9.6 kbps data 
frames in order to keep the transmitted energy per bit 
constant. 

It is also possible to combine the transmitter mod- 
ulate embodiments shown in Figures 3 and 7A to in- 

50 ere -i e the data rate by a factor of two above the maxi- 
mum data rate of the embodiment of Figure 3. 

Referring now to Figure 10, therein is a schematic 
block diagram showing portions of a transmitter modu- 
lator 1000 utilizing combined multiplexed subchannel 

55 and multiplexed l/Q channel data modulation, according 
to an embodiment that combines the principles of the 
transmitter modulators of Figures 3 and 7 A. Transmitter 
modulator 1000 includes DEMUX 1002, eight CC/INTs 
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1004-1018, eight Walsh modulators 1020-1034, data 
burst randomizers 1036-1050, MUXs 1054 and 1056, 
long code generator 1058, long code spreaders 1060 
and 1062, I PN spreader 1066 : and O PN snorter 
1064. Transmitter modulator 1000 receives data on in- s 
put 1 068 and generates data to the RF portion of a trans- 
mitter, such as transmitter circuitry 138 of Figure 1A, at 
outputs 1070 and 1072. In the embodiment shown in 
Figure 10. transmitter modulator 1000 utilizes two sets 
of subchannels for a maximum of eight possible parallel 10 
subchannels. A set of a maximum of four subchannels 
(first through fourth subchannels) are available for 
processing and carrying data between DEMUX 1002 
and MUX 1054. and a set of maximum of four subchan- 
nels (fifth through eighth subchannels) is available for is 
carrying data between DEMUX 1002 and MUX 1056. 
Each triplet of one of the CC/INTs 1004-1018. one of the 
Walsh mods 1020-1034 and one of the data burst ran- 
domizers 1036-1050 that forms a data path between 
DEMUX 1 002 and MUX 1 054 or DEMUX 1 002 and MUX 20 
1056 forms a subchannel. For example, CC/INT 1004, 
Walsh mod 1020 and data burst randomizer 1036 form 
subchannel 1 for carrying data between DEMUX 1002 
and MUX 1 054. The number of subchannels in use from 
each set at any time depends on the data transmission 25 
rate requirements. The data from each set of four 
subchannels is independently modulated onto one of 
two quadrature channels for simultaneous transmis- 
sion. Although a maximum of eight parallel subchannels 
is shown, more or less than four subchannels may be 30 
provided in alternative embodiments of the invention. 
Similarly to the transmitter modulator 300 of Figure 1 : 
transmitter modulator 1000 can be designed to be com- 
patible with an existing system, to increase the data 
transmission rate of that system without changing the 35 
frame structure and with minimum changes to system 
data transmission parameter. For example., transmitter 
modulator 1000 can be designed to be compatible with 
the transmission parameters specified for the CDMA up- 
link of the IS-95-A system. In the configuration of the -to 
transmitter modulator 1 000 that is designed for compat- 
ibility with IS-95-A, transmitter modulator 1000 may be 
used with one subchannel of each set of four subchan- 
nels enabled and operating at half rate (4.8 kbps data 
transmission rate), with each enabled subchannel pro- ~*5 
viding data to one of the quadrature channels to transmit 
at the combined rate of 9.6 kbps. The data transmission 
rate can then be increased by increasing the data rate 
of the enabled subchannels and. also, by enabling ad- 
ditional subchannels in each set of four. Data transmis- so 
sion rates of 9.6 kbps, 19.2 kbps, 38.4 kbps, and 76.8 
kbps are possible. The embodiment of Figure 10 may 
also be used to support the transmission of data by en- 
abling additional subchannels operating at incremental 
rates less than 9.6 kbps. The minimum rate for the em- ss 
bodiment of Figure 1 0 would be 2.4 kbps, with subchan- 
nels one and five each processing data at 1 .2 kbps. For 
example, data may be transmitted at a rate of 28.8 kbps 



by using DEMUX 1002 to multiplex received 28.8 kbps 
data into the first channel at 9.6 kbps ; into the second 
channel at 4.8 kbps, into the third channel at 9.6 kbps, 
and into the six channel at 4.8 kbps, and then transmit- 
ting while using the fifth and sixth subchannels at half 
rate. In this case the second .325 millisecond period of 
each 1 .25 millisecond power control group for SC2 and 
SC6 will be filled in only eight of the sixteen power con- 
trol group periods of each 20 millisecond frame. 

Referring now to Figures 11 A and 11B, therein are 
timing diagrams of transmitter modulator operation ac- 
cording to the embodiment of the invention shown in Fig- 
ure 10. Figure 11 A illustrates the transmission timing of 
two 1 .25 millisecond periods (power control group peri- 
ods) within each of four different 20 millisecond trans- 
mission frames for the configuration of transmitter mod- 
ulator 11 00 that is compatible with IS-95-A. Frame 1100 
illustrates 9.6 kbps data transmission, frame 1102 illus- 
trates 19.2 kbps data transmission, frame 1104 illus- 
trates 38.4 kbps data transmission, and frame 1106 il- 
lustrates 76.8 kbps data transmission. Figure 11 B illus- 
trates internal signal timing within transmitter modulator 
1000 within a series of 20 millisecond frames for 38.4 
kbps data transmission. Diagram 1108 illustrates timing 
of the output signals of DEMUX 1002, diagram 1110 il- 
lustrates timing of the inputs and output of MUX 1056, 
and diagram 1112 illustrates timing of the inputs and out- 
put of MUX 1054. 

When transmitter modulator 1000 modulates a 9.6 
kbps data rate 20 millisecond frame, one subchannel of 
each set of four subchannels is enabled. In this case, 
subchannel 1, formed by CC/INT 1004, Walsh mod 
1020 : and data burst randomizer 1036, and subchannel 
5. formed by CC/INT 1012, Walsh mod 1028, and data 
burst randomizer 1044 may be enabled. Diagram 1100 
shows the 9.6 kbps data transmission case. Data re- 
ceived at input 1068 at the rate of 9.6 kbpsls directed 
by DEMUX 1002 to each of subchannels 1 and 5 at the 
rate of 4.8 kbps. Each subchannel then convolutionally 
encodes, interleaves, and modulates the data onto 
Walsh symbols over a 20 millisecond period. The data 
is then input from subchannel 1 to long code spreader 
1 062 and from subchannel 2 to long code spreader 1 060 
at the rate of 307.2 kcps. Each long code spreader 
spreads each Walsh chip AT a rate of 1 .2288 mcps. data 
from long code spreader 1062 is then spread in I PN 
spreader 1066 by an I PN sequence and the data from 
long code spreader 1 060 is then spread in Q PN spread- 
er 1064 by a Q PN sequence. The data is then sent to 
RF circuitry, similar to RF circuitry 138 of Figure 1 A, 
where the I data stream is transmitted on the I channel 
and the Q data stream is transmitted on the Q channel. 
Diagram 1 1 00 of Figure 1 1 A illustrates two 1 .25 millisec- 
ond power control group periods of a possible data 
transmission frame. Data from subchannel 1 (SC1) fills 
the first .325 millisecond of the first 1 .25 millisecond pe- 
riod of the frame on the I channel and data from 
subchannel 5 (SC5) fills the first .325 millisecond of the 
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first 1 .25 millisecond period of the frame on the Q chan- 
nel, while the second power control group period is left 
empty. The location of the filled power control group pe- 
rinrtc ic arhitran/ sinnp ftach of the I and Q channels is 
carrying data at half rate (4.8 kbps) : data burst rand- s 
omizers 836 and 840 may be used to randomize the lo- 
cations of the eight 1 ,25 millisecond power control group 
periods that are used in each 20 millisecond frame. 

When data is to be transmitted at the 76.8 kbps rate, 
all eight subchannels of modulator 1000 are used. At 10 
the 76.8 kbps data transmission rate each 1 .25 millisec- 
ond power control period of each 20 millisecond frame 
transmitted on the I channel includes data from each of 
the first subchannel (SC1). the second subchannel 
(SC2). the third transmit subchannel (SC3) ; and the '5 
fourth transmit subchannel (SC4), and each power con- 
trol group period of each 20 millisecond frame transmit- 
ted on the Q channel includes data from each of the fifth 
subchannel (SC5). the sixth subchannel (SC6), the sev- 
enth subchannel (SC7), and the eighth subchannel 20 
(SC8). Diagram 908 of Figure 9A illustrates two 1 25 mil- 
lisecond power control group periods. 

In the case of 38.4 kbps data transmission, trans- 
mission rate controller 1052 receives, prior to transmit- 
ter modulator 1000 receiving the data to be modulated 25 
at input 1068. data rate information indicating that the 
38.4 kbps modulation rate is to be used for the next 
frame or a number of next frames. Transmission rate 
controller then generates the appropriate signals to DE- 
MUX 1002. MUX 1054. and MUX 1056. CC/INT 00 
1004,1006. 1012 and 1014. Walsh modulators 1020, 
1 022. 1 028 and 1 030. and data burst randomizers 1 036, 
1038, 1044 and 1046. DEMUX 1002 then directs the re- 
ceived 38.4 kbps data to the four CC/INTs 1004.1006, 
101 2 and 1014. so that data is input to each subchannel 35 
at the rate of 9.6 kbps. Diagram 1108 of Figure 11 B il- 
lustrates the signal timing at the outputs of DEMUX 
1002. At time T = 0, each group of 192 bits, of the re- 
ceived 768 bits in a 20 millisecond period, is directed to 
outputs A : B.E and F, for input to subchannels 1 : 2. 5 and 10 
6. respectively. Each of the four subchannels then op- 
erates on the data at a rate of 9.6 kbps in a manner 
equivalent to that which was described for each channel 
for transmitter modulator 100 of Figure 1 A for 38.4 kbps 
data transmission. The data is then output from the 
subchannels beginning at T = 40 millisecond. Diagram 
1110 of Figure 11 B illustrates the data as received on 
inputs A and B of MUX 1052, from subchannel 1 and 2, 
respectively, and diagram 1112 illustrates the data as 
received on inputs A and B of MUX 1 056 from subchan- so 
nels 5 and 6 respectively. 

The data received from each of the subchannels fills 
one .325 millisecond period of each 1.25 millisecond 
power control group period in a 20 millisecond frame, 
beginning at time T=40 millisecond. The data is received ss 
on each input at the rate of 4800 modulation symbols 
per second. As shown in diagram 1110, MUX 1054 then 
multiplexes the data to long code spreader 1062 at a 



rate four times that of the 4800 modulation symbol per 
second rate received from each single subchannel or, 
equivalents at a rate of 1228.8 kcps. MUX 1056 per- 
forms the identical operation for long code spreader 
1060. MUXs 1054 and 1056 may perform the multiplex- 
ing at the symbol or chip level. Each long code spreader 
spreads each Walsh chip at a rate of 1 .2288 mcps. Then 
data from long code spreader 1062 is then spread in I 
PN spreader 1066 by an I PN sequence and the data 
from long code spreader 1060 is then spread in Q PN 
spreader by a Q PN sequence. The data is then sent to 
RF circuitry, similar to RF circuitry 138 in Figure 1 A, 
where the I data stream is transmitted on the I channel 
and the Q data stream is transmitted on the Q channel. 
Data from subchannel 1(SC1) and subchannel 2(SC2) 
fills the first and second, respectively, .325 millisecond 
quarters of each 1 .25 millisecond power control group 
period within a 20 millisecond frame on the I channel. 
Data from subchannel 5(SC5) and subchannel 6(SC6) 
fills the first and second, respectively, .325 millisecond 
long periods of each 1.25 millisecond power control 
group period within a 20 millisecond frame on the Q 
channel. Diagram 1 1 04 of Figure 1 1 A illustrates two 1 .25 
millisecond power control group periods of a data trans- 
mission frame. 

For the cases of 19.2 kbps and 76.8 kbps data 
transmission, transmitter modulator 1000 functions in a 
similar manner. Each 192 bit group of the total bits re- 
ceived in a 20 millisecond period at input 1068 are mul- 
tiplexed into subchannels 1 and 5 for 1 9.2 kbps rate da- 
ta., and subchannels 1 .2,3,4. 5 ; 6, 7 and 8, for 76.8 kbps 
rate data The data is then convolutionally encoded, in- 
terleaved over a 20 millisecond period, and modulated 
onto Walsh symbols in each channel. The outputs from 
each subchannel are then multiplexed to the I channel 
by MUX 1 054 or to the Q channel by MUX 1 056, spread 
and sent to the RF portion of the transmitter. Diagram 
1 1 02 of Figure 1 1 A illustrates two 1 .25 millisecond pow- 
er control group periods of a data transmission frame 
for 19.2 kbps data transmission. Data from subchannel 
1 (SC1 ) fills the first .325 millisecond of each 1 .25 milli- 
second power control group periods of the frame on the 
t channel. Data from subchannel 5(SC5) fills the first . 
325 millisecond of each 1 .25 millisecond power control 
group periods of the frame on the Q channel. Diagram 
1 1 06 of Figure 1 1 A illustrates two 1 .25 millisecond pow- 
er control group periods of "a data transmission frame 
for 76.8 kbps data transmission. Data from subchannel 
1(SC1) : subchannel 2(SC2), subchannel 3(SC3) and 
subchannel 4(SC4) fill the first, second, third and fourth, 
respectively, .325 millisecond periods of each 1 .25 mil- 
lisecond power control group period within the 20 milli- 
second frame on the I channel. Data from subchannel 
5(SC5) subchannel 6(SC6), subchannel 7(SC7) and 
subchannel 8(SC8) fills the first, second, third and 
fourth, respectively, .325 millisecond periods of each 
1.25 millisecond power control group period within the 
20 millisecond frame on the Q channel. 
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Although described in the context of presently pre- 
ferred embodiments: it should be apparent that a 
number of modifications to these embodiments may oc- 
cur to those having skill in the art. By example, the var- 
ious frame and subframe durations and formats may be 
other than the values specified above. 

Also by example, with the described physical layer 
and multiplex sub-layer structure, and when supporting 
half of the peak rate transmission, e.g. 19.2 kbps con- 
nection using peak rate of 38.4 kbps transmission, a de- 
scribed embodiment performs a gated transmission, i. 
e. it transmits at 38.4 kbps for 50% of the time. The gated 
transmission is defined as the first two sub-channels on 
full-rate (each one pipe carries 9.6 kbps) and the second 
two sub-channels on zero rate. From Figure 4A, dia- 
gram 402, it can be seen that within each 1 .25 millisec- 
ond power control group, sub-channel #1 and #2 are on 
100% and sub-channel #3 and #4 are off 100%, giving 
regular pulsed transmission. However, it may be desir- 
able to avoid such a regular pulsed transmission in 
some applications, such the IS-95 reverse link, since it 
leads to a higher probability of collided transmissions 
from multiple terminals. 

The regular pulsed transmission can be avoided by 
using the long code to generate a pseudorandom pat- 
tern for the ordering of the four sub-channels during 
each 1.25 millisecond power control group period. For 
example, during one 1.25 millisecond period, the four 
sub-channels are time multiplexed in the order of #1 s #2, 
#3 : #4. Then in the next 1 .25 millisecond period, the or- 
der becomes for example, #3, #4, #1, #2, and so on. 

It is also within the scope of this invention to achieve 
a separation of different data rates by using the long 
code. To support a dynamic rate connection where data 
rate changes every 20 millisecond, it is important that 
the base station be able to identify a mobile transmitted 
data rate within the first 1 .25 milliseconds of the 20 mil- 
lisecond period, in order to conduct reverse link power 
control correctly. If different data rates are supported by 
different Walsh symbol rates, as described above, or if 
different data rate rates are supported by using symbol 
repetition and then scaling the transmission power ac- 
cordingly (such as in the IS-95 forward link), then there 
may be a potential problem in that the base station will 
not be able to identify the data rate correctly at the Walsh 
demodulator output within 1.25 millisecond. Most likely 
the decision of the data rate is made after channel de- 
coding, which has a delay of about 20 millisecond due 
to the deinterleave operation. 

To enable a fast data rate determination, it is within 
the scope of the teaching of this invention to mask each 
different rate by a different long code so that base station 
can identify the rate immediately after the Walsh demod- 
ulator. That is, depending on the data rate of the given 
20 millisecond period, the mobile transmitter uses a dif- 
ferent lonq code to spread the data. The base station 
has several demodulators in parallel, each operating at 
a different rate, and despread by the corresponding long 



code. 

Thus, although the method and apparatus of this 
invention has been illustrated and described with regard 
to presentlv Dreferred embodiments thereof, it will be un- 
$ derstood thai numerous modifications and substitutions 
may be made to the embodiments described, and that 
numerous other embodiments of the invention may be 
implemented without departing from the spirit and scope 
of the invention as defined in the following claims. 

w 

Claims 

1 . In a code division multiple access (CDMA) telecom- 
's munications system in which data is transmitted on 
a channel within frames having a frame duration, a 
method of transmitting data on the channel, said 
method comprising the steps of: 

■° determining a first data rate of serial data to be 

input to a transmitter over a first time period 
having a duration equal to the frame duration; 

determining, responsive to determining said 
• 5 first data rate : a value for a number of sets of 

data to be contained in a plurality of sets of input 
data: 

partitioning said serial data input to the trans- 
w mitter during said first time period to generate 

said plurality of sets of input data, said serial 
data being input to the transmitter at said first 
data rate: 

^ processing each of said plurality of sets of input 

data substantially simultaneously to generate a 
plurality of sets of processed data: 

multiplexing the plurality of sets of processed 
o data to generate at least one output serial data 

stream, wherein said serial data included in 
said at least one output serial data stream is 
generated at said first data rate: 

5 spreading said at least one output serial data 

stream to generate at least one spread data 
stream: and 

transmitting, from the transmitter said spread 
o data stream on the channel during said second 

time period, said second time period having a 
duration equal to the duration of said frame, 
wherein said serial data included in said at least 
one spread data stream is transmitted at said 
5 hrst data rate,. 

2. The method of claim 1, wherein said at least one 
output serial data stream is partitioned into a plural- 
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ity of adjacent data groups and each of the data 
groups is further subdivided into a plurality of data 
portions, and the frame is partitioned into a plurality 

Of group periods and each ntsiaid nluralitw nf nrnuo 

periods is further subdivided into a plurality of period 
portions, and wherein said step of partitioning the 
plurality of sets of processed data comprises insert- 
ing data from each of the plurality of sets of proc- 
essed data into a selected portion of each of said 
plurality of data groups, wherein each group period 
includes data from each of the plurality of sets of 
processed data, and said step of transmitting com- 
prises transmitting data from a select data group of 
said plurality of data groups in a select portion of 
each of said plurality of group periods. 

3. The method of claim 1 , wherein each of said plural- 
ity of sets of data comprises a plurality of data bits 
and said step of processing comprises convolution- 
ally encoding and interleaving said plurality of data 
bits within each of said plurality of sets of input data 
to generate encoded data. 

4. The method of claim 1, wherein said step of 
processing further comprises Walsh modulating 
said encoded data onto a plurality of mutually or- 
thogonal Walsh symbols to generate each of said 
plurality of sets of processed data. 

5. The method of claim 1 wherein said step of deter- 
mining a first data rate comprises: 

receiving data rate information at the transmit- 
ter, said data rate information including information 
indicating a data rate of serial data to be transmitted 
over the first time period. 

6. The method of claim 2 wherein said plurality of por- 
tions, into which each of said group periods is divid- 
ed, is comprised of a plurality of portions of a 
number equal in value to said value for a number of 
sets of input data determined in said step of deter- 
mining a value. 

7. The method of claim 6 further comprising, after said 
step of determining a value, the step of determining 
a transmission power level according to said value 
for a number of data sets, and wherein said step of 
transmitting comprises transmitting said spread da- 
ta stream at said determined transmission power 
level. 

8. The method of claim 1 , wherein said telecommuni- 
cations systems allows a base data transmission 
rate, and wherein said first data rate varies as a 
whole multiple of said base data transmission rate. 

9. The method of claim 1 , wherein said telecommuni- 
cations system allows a base data transmission 



rate and at least one fractional data transmission 
rate, and wherein said first data rate varies as a mul- 
tiple of said base data rate plus said at least one 
fractional rate. 

5 

10. The method of claim 1 , wherein said channel com- 
prises a quadrature channel (Q) and an in-phase 
channel (I), wherein each of said plurality of sets of 
input data comprises a plurality of data bits and said 

w step of processing each of said plurality of sets of 
input data comprises convolutionally encoding and 
interleaving said plurality of data bits within each of 
said plurality of sets of input data to generate en- 
coded data, and Walsh modulating said encoded 

is data onto a plurality of mutually orthogonal Walsh 
symbols to generate said plurality of sets of proc- 
essed data, wherein said step of multiplexing the 
plurality of sets of processed data comprises multi- 
plexing said plurality of sets of processed data at 

20 the Walsh symbol level to generate first and second 
serial output data streams, wherein said step of 
spreading comprises spreading each of said first 
and second serial output data streams to generate 
first and second spread data streams, and wherein 

25 said step of transmitting comprises transmitting 
said first spread data stream on said quadrature 
channel, and transmitting said second spread data 
stream on said in-phase channel. 

30 11. The method of claim 1 , wherein each of said plural- 
ity of sets of data comprises a plurality of data bits, 
said value determined in said step of determining 
comprises a first value, and a second value defines 
a maximum number of sets of data which may be 
35 included in said plurality of sets of data, and wherein 
said step of processing comprises convolutionally 
encoding and interleaving said plurality of data bits 
within each of said plurality of sets of data to gen- 
erate encoded data, and modulating said encoded 
40 data onto a plurality of Walsh symbols to generate 
said plurality of sets of processed data, and wherein 
said step of spreading comprises spreading each 
Walsh symbol by at least one pseudorandom chip, 
using a spreading factor equal to said second value 
45 divided by said first value. 

12. The method of claim 1 wherein said olurality of sets 
of input data comprises a first plura: f sets of in- 
put data, said plurality of sets of c: Dssed data 
so comprises a first plurality of sets of p; . ssed data, 
said at least one serial data stream comprises a first 
at least one serial data stream, and wherein said 
method comprises: 

ss receiving, at a receiver, said at least one spread 

data stream transmitted on the channel; 

despreading said at least one spread data 
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stream to generate a second at least one serial 
data stream; 

demultiplexing said second at least one serial 
data stream to generate a second plurality of s 
sets of processed data; 

processing each of said second plurality of sets 
of processed data to generate a second plural- 
ity of sets of input data, said second plurality of 10 
sets of input data including said serial data; and 

multiplexing said second plurality of sets of in- 
put data to regenerate said serial data, wherein 
said serial data is regenerated at said first rate. *5 

13. In a code division multiple access (CDMA) telecom- 
munications system in which data is transmitted in 
frames having a frame duration on a communica- 
tions channel having a quadrature channel (Q) and 20 
an in-phase channel (I) each having at least one da- 
ta transmission rate, a method of transmitting data 

on the communications channel, said method com- 
prising the steps of: 

25 

receiving serial data at a first data rate over a 
first time period, said first data rate being twice 
the at least one data transmission rate, and said 
first time period having a duration equal to the 
frame duration; 30 

modulating said serial data onto mutually or- 
thogonal Walsh symbols; 

multiplexing said Walsh symbols into first and 35 
second symbol streams; and 

transmitting said first and second symbol 
streams on said quadrature and in-phase chan- 
nels, respectively, during a second time period 40 
having a duration equal to the frame duration, 
wherein each of said quadrature and in-phase 
channels carries a subset of information includ- 
ed in said serial data at said at least one data 
transmission rate. 45 

14. The method of claim 13, wherein said serial data 
comprises a plurality of data bits, and wherein said 
method further comprises, before said step of mod- 
ulating, the step of convolutionally encoding and in- so 
terleaving said plurality of data bits to generate en- 
coded data, and, wherein said step of modulating 
comprises modulating said encoded data onto mu- 
tually orthogonal Walsh symbols. 

ss 

15. Apparatus for transmitting data in a code division 
multiple access (CDMA) telecommunications sys- 
tem in which data is transmitted on a channel within 



frames having a frame duration, said apparatus 
comprising: 

an input circuit having an serial inDUt, a control 
input, and a plurality of outputs, said input cir- 
cuit for receiving serial data at said serial input 
during a first time period having a duration 
equal to said frame duration, and generating a 
plurality of sets of input data, each of said plu- 
rality of sets of input data being available at one 
output of said plurality of parallel outputs: 

a transmission rate controller having a rate in- 
put and at least one controloutput, said at least 
one control output of said transmission rate 
controller coupled to said control input of said 
input circuit, said transmission rate controller 
for receiving data rate information at said rate 
input, said data rate information indicating a da- 
ta rate of serial data to be received at said input 
of said demultiplexer over at least the first time 
period, said transmission rate controller further 
for determining, responsive to receiving said 
data rate information, a value for a number of 
sets of data to be contained in said plurality of 
sets of input data to be generated in said input 
circuit, and sending a control signal on said 
control output to said input circuit, and wherein 
said input circuit receives said control signal 
and generates a plurality of sets of input data 
of a number according to said value determined 
in said transmission rate controller; 

a plurality of subchannel processors, each hav- 
ing a subchannel input and a subchannel out- 
put, the input of each of said plurality of 
subchannel processors coupled to one of said 
plurality of parallel outputs of said input circuit, 
each one of said plurality of subchannel proc- 
essors for receiving one of said plurality of sets 
of input data from said input circuit, and for gen- 
erating one of a plurality of sets of processed 
data at said subchannel output, wherein a plu- 
rality of sets of processed data is generated at 
said subchannel outputs of said plurality of 
subchannel processors, and said plurality of 
sets of processed data includes said serial da- 
ta; 

a multiplexer having a plurality of parallel inputs 
and at least one serial output, each of said plu- 
rality of parallel inputs coupled to said subchan- 
nel output of one of said plurality of subchannel 
processors, said multiplexer for receiving one 
of said plurality of sets of processed data at 
each of said parallel inputs, and generating at 
least one serial output data stream at said at 
least one serial output during a second time pe- 
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riod having a duration equal to the duration of 
said frame, wherein said serial data included in 
said plurality of sets of processed data in said 
data stream is transmitted at said first data rate. 

1 6. The apparatus of claim 1 5, wherein said at least one 
output serial data stream from said multiplexer is 
partitioned into a plurality of consecutive data 
groups and each of the data groups is further sub- 
divided into a plurality of data portions, and the 
frame is partitioned into a plurality of group periods 
and each of said plurality of group periods is further 
subdivided into a plurality of period portions, and 
wherein said input circuit inserts data from each of 
the plurality of sets of processed data into a select 
data portion of each of said plurality of data groups, 
wherein said transmitter transmits data in a select 
portion of each of said plurality of group periods, 
and wherein each group period includes data from 
each of the plurality of sets of processed data. 

17. The method of claim 15, wherein each of said plu- 
rality of sets of data comprises a plurality of data 
bits and wherein each of said plurality of subchan- 
nels includes a convolutional encoder/interleaver 
for convolutionally encoding and interleaving said 
plurality of data bits within one of said plurality of 
sets on input data to generate encoded data. 

1 8. The apparatus of claim 1 7, wherein each of said plu- 
rality of subchannels further comprises a Walsh 
modulator for modulating said encoded data from 
one of said plurality of encoders/interleavers onto a 
plurality of mutually orthogonal Walsh symbols to 
generate one of a plurality of sets of processed da- 
ta. 

19. The apparatus of claim 16, wherein said plurality of 
portions into which each of said group periods is di- 
vided is comprised of a plurality of portions of a 
number equal in value to said value for a number of 
sets of input data determined in said transmission 
rate controller. 

20. The apparatus of claim 1 9, wherein said transmis- 
sion rate controller includes a power control output, 
and said transmitter includes a power control input 
coupled to said power control output, and wherein 
said transmission rate controller further determines 
a transmission power level according to said value 
for a number of sets of input data, generates a con- 
trol signal to said transmitter at said power control 
output, and wherein said transmitter receives said 
power control signal at said power control input and 
transmits said at least one serial output data stream 
at said determined transmission power level. 

21. The apparatus of claim 15, wherein said telecom- 



munications system allows a base data transmis- 
sion rate and wherein said first data rate varies as 
a multiple of said base data transmission rate. 

s 22. The apparatus of claim 15, wherein said telecom- 
munications system allows a base data transmis- 
sion rate and a fractional data transmission rate that 
is a fraction of said base data transmission rate, and 
wherein said first data rate varies as a multiple of 

10 said base data transmission rate plus said fractional 
rate. 

23. The apparatus of claim 15, wherein, said channel 
comprises a quadrature channel and an in-phase 

is channel, and each of said plurality of sets of input 
data generated in said input circuit comprises a plu- 
rality of data bits, and wherein said each of said 
subchannels convolutionally encodes and inter- 
leaves one of said plurality of data bits to generate 

20 encoded data, and Walsh modulates said encoded 
data onto mutually orthogonal Walsh symbols to 
generate one of said plurality of sets of processed 
data, and wherein said at least one output serial da- 
ta stream generated in said multiplexer comprises 

25 first and second serial output data streams, wherein 
said spreader spreads each of said first and second 
serial output data streams to generate first and sec- 
ond spread data streams, and wherein said trans- 
mitter transmits said first spread data stream on 

30 said quadrature channel and said second spread 
data stream on said in-phase channel. 

24. The apparatus of claim 1 5, wherein each of said plu- 
rality of sets of input data generated Jn said input 

35 circuit comprises a plurality of data bits, said value 
determined in said transmission rate controller 
comprises a first value, and a second value defines 
a, maximum number of subchannels for processing 
said plurality of sets of input data, and wherein said 

40 processor convolutionally encodes and interleaves 
said plurality of data bits to generate encoded data, 
and Walsh modulates said encoded data onto mu- 
tually orthogonal Walsh symbols to generate said 
plurality of sets of processed data, and wherein said 

45 transmitter spreads each Walsh symbol in said plu- 
rality of sets of processed data using a spreading 
factor equal to said second value divided by said 
first value. 

50 25. Apparatus for receiving data in a code division mul- 
tiple access (CDMA) telecommunications system in 
which at least one spread data stream including se- 
rial data is transmitted on a channel within frames 
having a frame duration, said apparatus compris- 
es ing: 

a receiver having at least one serial output, said 
receiver for receiving said at least one spread 



50 



55 



18 

8NSOOCID: <E P 082836 1 A2_l_> 



35 



EP 0 828 361 A2 



36 



data stream transmitted on the channel during 
a first time period having a duration equal to 
said frame duration: 

a de-spreader having at least one serial output s 
and at least one serial input connected to said 
at least one serial output of said receiver, said 
de-spreader for despreading said at least one 
serial data stream and generating at least one 
received data stream; w 

a demultiplexer having at least one serial input 
and a plurality of parallel outputs, said at least 
one serial input connected to said at least one 
serial output of said despreader, said demulti- is 
plexer for demultiplexing said at least one re- 
ceived data stream to generate a plurality of 
sets of received data; 

a plurality of subchannels each having a 20 
subchannel input and a subchannel output, the 
input of each of said plurality of subchannels 
coupled to one of said plurality of parallel out- 
puts of said demultiplexer, each one of said plu- 
rality of subchannels for receiving one of said 25 
plurality of sets of received data from said de- 
multiplexer and generating one of a plurality of 
sets of processed data, wherein said plurality 
of sets of processed data is generated at said 
subchannel outputs of said plurality of 30 
subchannels and said plurality of sets of proc- 
essed data includes said serial data: 

a multiplexer having a plurality of parallel inputs 
and at least one serial output, each of said plu- 35 
rality of parallel inputs coupled to said subchan- 
nel output of one of said plurality of subchan- 
nels, said multiplexer for receiving said plurality 
of sets of processed data and generating an 
output stream including said serial data, where- 40 
in said serial data is generated at said first rate. 

26. Apparatus for transmitting data in a code division 
multiple access (CDMA) telecommunications sys- 
tem in which data is transmitted in consecutive -*5 
frames having a frame duration on a communica- 
- tions channel having a quadrature channel (Q) and 
an in-phase channel (I) each having at least one da- 
ta transmission rate : said apparatus comprising: 

so 

a processor having an input and an output, said 
processor for receiving serial data on said input 
at a first data rate over a first time period, said 
first data rate being twice the at least one data 
transmission rate, and said first time period 55 
having a duration equal to the frame duration, 
said processor further for modulating said serial 
data onto mutually orthogonal Walsh symbols 



to generate processed data at said output: 

a multiplexer, having an input coupled to said 
output of said processor and first and second 
outputs, said multiplexer for receiving and mul- 
tiplexing said processed data onto first and sec- 
ond output symbol streams and outputting said 
first and second output symbol streams at said 
first and second outputs, respectively: and 

a transmitter having a quadrature and an in- 
phase input, said transmitter for receiving said 
first and second output symbol streams on said 
quadrature and in-phase inputs : respectively, 
and transmitting said first and second symbol 
streams on said quadrature and in-phase chan- 
nels, respectively during a second time period 
having a duration equal to the frame duration, 
wherein each of said quadrature and in-phase 
channels carries a subset of information includ- 
ed in said serial data at said at least one data 
transmission rate. 

27. The apparatus of claim 26 wherein said serial data 
comprises a plurality of data bits, and wherein said 
processor further convolutionally encodes and in- 
terleaves said plurality of data bits to generate en- 
coded data, and modulates said encoded data onto 
mutually orthogonal Walsh symbols to generate 
processed data at said output. 

28. A method as set forth in claim 1, wherein the step 
of spreading uses, for each possible data rate, a 
spreading code that is specific to the data rate. 

29. A method as set forth in claim 1. wherein the sets 
of processed data are multiplexed in an order de- 
termined by a pseudorandom pattern obtained from 
a spreading code used in the step of spreading. 
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